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7 shallow　well south　of　Bayon　templc Au．1、1994
8 dccp　wcll south　of　Bayon　tcmplc Au」，1994
9 decp　wcll Angkor　Wat　within　outcr　wallAug．2，1994
lo ．rlvcr　watcr Siem　Reap　River　at　Diamond　HotclAu．3．1994
11 ．rlvcr　watcr South　of　Siem　Rcap　city Aug．3，1994













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Nl 一3．．－2．9、2．8、－L8．3．O3．5、3．8．6．6、2．9．2．8．32Sl O．5．O．8 一2．7、－3．4
N2 3．8、2．3、－L8、3．0 1．7、3．2＾1．4、1、9 S2 O．7、O．2 1．1．O．3
N3 2．8、2．6 2．5、O，1 S3 1．O‘1．9 o．o、1．1
N4 O．6、O．8 O．5．0．O S4 O．4．LO 1．3．O．3




















































































































































cast、、all 170．3cm 182．Ocm 12cm
wcst　wal1 17L3cm 185．Ocm 14cm
north、、・all 168．Ocm 178．Ocm 10cm
























































































































































































TopBottomDiff． D／Top（％） TOP BottomDiff． D／TOP（％）
S1 E 168 180 12 7．14N1 E 170 182 12 7．06
S 169 178 9 5．33 S 124 132 8 6．45
W 168 178 10 5．95 W 171 185 14 8．19
N 122 123 1 0．82 N 168 178 10 5．95
S2 E 168 168 0 0．00N2 E 164 166 2 1．22
S 166 172 6 3．61 S 164 172 8 4．88
W 118 118 0 0．00 W 121 126 5 4」3
N 167 168 1 0．60 N 168 175 7 4．17
S3 E 167 168 1 0．60N3 E 167 179 12 7．19
S 170 168 一2 一1．18 S 162 174 12 7．41
W 121 123 2 1．65 W 124 124 0 0．00
N 168 170 2 1．19 N 167 175 8 4．79
S4 E 168 165一3 一t79N4 E 169 169 0 0．00
S 163 161 一2 一1．23 S 169 168 一1 一〇．59
W 120 123 3 2．50 W 120 123 3 2．50
N 167 168 1 0．60 N 170 168 一2 一1．18
S5 E 186 186 0 0．00N5 E 168 169 1 0．60
S 183 18 1 0．55 S 164 166 2 1．22
W 149 151 2 1．3 W 121 122 1 0．83
N 190 188一2 一1．05 N 165 166 1 0．61
（cm）　（cm）　（cm）　　（％）N6 E 170 169 一1 一〇．59
S 169 171 2 1．18
W 121 121 0 0．00





































































































































Sensor　I／DPosition Depth Sensor　I／DPosition Depth
NIN3 GL－3m NINS1 GL－1m
NlN5 North　pointGL－5m NINS2North　pointGL－2m
NINlO GL－10m NINS3 GL－3m
NIC3 GL－3m NlCSl Gレlm
NIC5 Central　pointGL－5m NlCS2Ccntral　pointGL－2m
NlClO GL－10m NlCS3 GL－3m
NlS3 GL－3m NlSS1 GL－lm
NlS5 South　pointGL－5m NlSS2South　pointGL－2m
NlSlO GL－lOm NlSS3 GL－3m
Inclinometer Underground　Water　Level
Sensor　IIDPosition Wall　faceSensor　IID Depth
NEW NEcolumnwcst　side　wallN 　NW GL－10mNES South　sidcNI　CW GL－lOm
SEN SE　colu㎜ North　sidc
SEW West　sideNl　WEl GL－10m























































































































Wall SW　cornerSE　corner NE　corner NW　corner
Wa11⑫ce East NorthWestNorthWestSouthEast South
Inclination　dircctionNS EW NS EW NS EW NS EW
mm／m mm／m mm／m mm／m mm／m mm／m mm／m mm／m





















Time　of　responseAM8 AM8 AM8AM8 AMlO AMlOAMl2AM　12
Time　to　reach　the　Max．P 5 PM5 PM5 PM5 PM5PM5 PM6 PM6


















































































97／12／01 98／03／01 98／06／01 98／09／01
m
7／09／01 97／12／01 98／03／Ol 98／06／Ol 98／09／01
△＝0．492mm


















Wall SW　corner SE　corner NE　corner NW　corner
Wall⑫cc Eas1 NorlhWost NorthWest SouthEast S〈）uth
97！09／Ol　3：00 0，207 0，067 一3．289 0，470 一〇．054 一〇．041 一〇．125 2，295
98111！163：000，699 一〇．178 一〇．0380，976 1，256 一〇．179 一〇．2272，530
Duc　lo　creep 0，492 0，506 1，310 0，138 一〇．102
Other　than　creep 一〇．245 3，251 0，235






































































































































































































































































































































































































































































Watcr　lcvcl Scttlcmcnt Suction Total
2，5m 4．lmm Lgmm 6mm
5．Om 8．5mm 2．7mm 11mm





































































































































































































pisa 55m 15．6m 0．09 5．40













































































































































































































































































































































































































































Gap　point NE NW W S SE E
Daily　gap　change（mm）0つ2 0．05 0．03 0．Ol 0．01 0．Ol
Daily　temperature　change（°C）5 5 10 （30）




































































































































































































































































































































































































































































































































































































































































































































2 south　side　aisle　roof7．47 3．74 3．74
3 norヒh　side　aisle　roof 5．69 2．84 2．84
east　porch（norヒh） 171 1．71
4 east　porch（south） 0．00 0．00 No　element
5 western　porch（north）1．68 1．68
western　porch（south）1．77 1．77
6 south　side　wal1 15．91 7．96 7．96
7 north　side　wall 1595 7．98 7．98
8 east　wall 9．34 4．67 4．67
9 west　wal1 9．34 4．67 4．67
10nave　column 5．92 1．48 1．48 1．48 1．48
ton 74．77 17．8 18．7 18．6 19．6
Area（m2） 200． 50 50 50 50
averaged

































































































































ρdニL797 max．　drv　dcnsitv　　　　　　・ 1，956 L898
w．c．＝10．99％ 0．m．C． lL7％ 7．7％





































































































































































Sand Clav Slackcd　limeAt　mixin　7 （At　com　action）
Fill　T、pe　I（sandy）LO O．1 0．1 8．2％ 7．O－7．2％




































































































































































































































































































































Sam　lc A B C
good　quality insuf6cient　quality
1 1．78 1．08 1．44
2 1．80 1．43 1．57
3 1．62 1．17 1．42
4 1．39 1．19 1．52
5 1．57 1．57 0．96
6 1．41 1．52 1．57







a、℃ra　c L96 L32 L41
the　lowcst L35 Lo8 （1，96
thc　highcst 2．04 1．57 L57
standard　variationO．24 0．19 O．21
It　should　bc　rcmcmbcrcd　that　among　samplcs　of　class　B．　there　are　somc　samplcs　that　could　not　bc
mcasured　duc　to　cxccssivc　dccay　of　thc　pulsc．
Though．　the　classified　group　by　cxpcrt　corrcsponds　wcll　to　thc　measured　P－wavc　vclocity．
In　avcrage、　the　p－wavc　vclocitics　fbr　cach　group　arc
Good　quality　latcritc　　　　　　L96㎞ノscc
Insufflicicnt　quality　latcrite　　1．32km／scc
Uscd　latcritc　　　　　　　　　1．41km／sec．
Thc　old　uscd　latcrite　showcd　a　little　faster　vclocity　than　the　insufflcicnt　quality．
If　thc　P－wavc　mcasurcmcnt　is　used　fbr　classif＞・ing　quality．　a　thrcshold　valuc　of　L75km／scc　may　bc
uscd　fbr　safer　sidc．　Anv　latcritc　matcrial　with　P－wavc　valuc　lcss　than　L75km／scc　or　un－mcasurable
ma｝’　bc　classificd　into　insufficicnt　quality　latcritc．
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2．50
2．25
2．00
7L75
1．50
1．25
1．00
O．75
O．50
O．25
o，oo
New　Laterite
High　Quality
New　Laterite
L《Dw　Qualit）’
Old　Laterite
Fig．9－5　Distributions　of　P－wave　velocities　for　three　groups　of　laterite　materia1
9．5Conclusion
　　　　　In　this　chaptcr、　thc　author　cxplaincd　thc　basic　characteristics　of　latcritc、　which、vas　onc　of　thc
basic　construction　matcrials　in　the　construction　Angkor　monumcnts．
　　　　　Thc　latcrite　is　a　prOduct　of　chcmical　weathcring　of　rock　undcr　tropical　conditions．　Chcmical
process　in　thc　tropical　rcgion　is　to　accumulation　of　higher　contents　of　iron　oxidc　and　Aluminum　ox　ide
in　thc　upper　surface　of　ground．　Iron　oxide　and　Aluminum　oxide　works　as　strong　bond　among　sands
and　gravels．
　　　　　The　lateritc　blocks　were　used　as　structural　membcr　covcrcd　b、・sandstone　block　with　relieves　on
its　surfacc．　However．　Several　examplcs　of　stmctural　failurc　rcsultcd　by　weathering　of　laterite　wcrc
sho、、Tl　in　the　chaptcr．
　　　　　The　inclination　of　structures　at　shorclinc　towards　water“as　caused　by　decav　of　latcritc　bl㏄ks．
Thc　P－wave　vel㏄ity　was　measured　fbr　thrcc　groups　of　laterite　classified　by　masonry　cxpcrt．　Thc
velocities　correspond　well　“’ith　each　group　and　may　be　used　to　check　the　laterite　blocks　for　usc．
The　author　thinks　thc　decay　of　the　lateritc　had　rcsulted　in　one　of　the　major　causcs　of　structural　failurc
of　Angkor　monuments．　Accordingly、　wc　scc　thc　unique　phenomena　like　the　inclination　of　structures
towards　watcrsidc　in　thc　rcgion．
9．6References：
JSA（1998）．　Annual　Rcport　on　the　Technical　Survey　of　Angkor　Monumcnt　1998、　pp．161－195
M．D．Gidigasu　（1976）”Laterite　Soil　Engineering’．　Elsvier、　p．3
AD．Visscr（1965）”Dictionary　of　Soil　Mechanics”．　Elsvicr．　p」08
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10Suggestions　on　safeguarding　Angkor　monuments
　　　　　Thc　author　rcalizcd　that　thc　gcotcchnical　study　is　onc　of　the　ncw　ficlds　in　Angkor　not　only　fbr
the　mo皿ments　to　be　preserved　but　also　fbr　civil　cngineering　purposes　in　Cambodia．　The　knowledge
of　latcritc　and　lateritic　soils　as　thc　basic　construction　matcrial　are　helpfUI　to　develop　civil　cnginccring
practicc　in　this　region．
　　　　　ln　this　chapter、　I　want　to　summarizc　the　rcsults　as　suggestions　on　safeguarding　monuments　in
Angkor　in　geotcchnical　engineering．　I　also　addcd　a　fcw　problcms　of　geotechnical　enginccring　that
wcrc　out　of　thc　scopc　in　this　paper　but　neccssar》・to　considcr　safet｝’of　the　Angkor　region　from
gcotcchnical　vic“’　points．
10．1Causes　of　structural　failure　identified　in　the　report　of　Tokyo　Conference
　　　　　Thc　basic　conccpt　ofthc　structural　failurc　is　described　in　thc　Rcport　of　Tokyo　Confcrcncc　as　the
fbllowing　five　catcgorics．
1．Abandonment　of　thc　sitc　and　damagc　caused　b｝’　vegctation
2．Deterioration　of　hydrographic　systcm
3．Rainwater　runof「and　drainagc　systcm　on　thc　monuments
4．Structural　design　of　high　masonry　upon　compacted　soil　ground
5．Effects　of　the　expansionlcontraction　of　the　subsoil
Among伽c　catcgorics．　two　of　4　and　5　arc　in　thc　ficld　of　gcotcchnical　engineering．
10．2Clarified　characteristics　of　the　causes　of　failure　of　structures　in　this　research
　　　　　Somc　of　thc　problcms　on　these　categorics　havc　bccn　solvcd、　howcvcr．　thc　othcrs　remains　as
dcscribcd　in　thc　fbllowing．
Thc　problcm　4　could　bc　fUrthcr　divided　into　two　groups　of　foundation　problem　and　slope　instability．
Thc　fbundation　problcm　includcs　thc　interaction　problem　of　masonry　and　ground　systcm．1n　this
fbundation　problem．　wc　have　cxpcricnced　t、vo　different　cases．　One　is　structurcs　on　flat　ground
condition．　Another　is　structurc　ncarby　water　or　pond．
Structure　on　flat　ground　condition：
　　　　　In　the　flat　condition、　say．　North　Library　of　Bayon　at　Angkor　Thom，　thcre　is　littlc　problcm　on　thc
fbundation　of　ground　conccrncd．　That　is　no　largc　differcntial　settlement　that　might　havc　causcd　thc
damagc　of　the　upper　structures．　Howcvcr．　cvcn　though　flat　condition、　if　the　lateritc　becamc　dccaycd、
the　upper　structures　became　very　easy　to　bc　displaccd　and　rcsulted　in　structural　failure．　During
dismantling　proccss　of　the　embankmcnt　of　thc　North　Library　of　Bayon．　we　have　performcd　a
platc－loading　tcst．　which　resulted　in　more　than　L2MPa　of　strcngth　of　bcaring　capacity．　The　estimatcd
vcrtical　strcss　anticipatcd　on　thc　fbundation　ground　at　Ccntral　Towcr　of　Bayon　is　about　O．45－0．8MPa．
Thc　bcaring　capacity　of　thc　filled　ground　is　large　enough　to　carry　thc　Ccntral　Towcr　Load、
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Emban㎞ent　struc佃re：
　　　　　On　the　other　hands、　embankment　of　compactcd　soils　has　become　very　unstable　if　the　latcrite
blocks　inside　the　embankment　decaycd．　If　thc　laterite　bl㏄ks　decays，　the　filled　soils　becomc　unstablc
against　water　and　flow　out　This　is　clearly　shown　at　thc　North　and　South　Library　of　Bayon．　where　the
middle　and　upper　portion　of　the　fbundation　at　the　east　and　west　sides　werc　hcavily　damaged　and　no
damage　is　found　at　north　and　south　sides　of　the　foundation．　lfthe　soil　itself　is　thc　problcm、　north　and
south　sides　should　have　becn　also　dctcriorated．
　　　　　Somc　of　thc　basic　characteristics　have　been　studied　and　prcscntcd　in　Chapter　5　and　6、　it　is　not
clcar　thc　slope　stability　of　Baphuon　mound　with　20m　in　height　and　40　degrce　of　slope　inclination　as
discuss　in　Chaptcr　2．3．
Structures　nearby　water　or　pond　and　Laterite　blocks：
　　　　　Two　differcnt　mechanisms　were　studied　in　this　papcr　as．
1
2
Thc　cmbankments　of　the　North　and　South　Ponds　wcrc　displaccd　towards　ponds　duc　to　ncarby
structures　of　N　l　and　S　l　Towcrs．　These　structurcs　havc　bccn　also　displaced　as　thc　ground
dcformed．
Laterite　blocks　arc　lcss　durable　than　sandstonc　matcrials　and　were　shown　in　Chaptcr　g　that
the　decav　of　latcritc　blocks　has　causcd　the　inclination　of　the　structurcs　ncarb、・shorcline
　　　　　　　　ン　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　．
towards　watcr　pond．
　　　　　There　should　bc　noted　that　othcr　possiblc　mechanisms　related　to　cause　instabilit＞’wcrc　fbnd　in
the　embankments　of　moat　of　Angkor　Wat．
3
4
Thcre　arc　soil　mounds　at　scveral　locations　at　the　fbot　of　thc　cmbankments　in　thc　moat．　The
soil　mounds　havc　bccn　fbrmed　due　to　flow　out　of　soils　of　cmbankmcnt　through　hollow　pipes
in　thc　cmbankmcnt．　Due　to　this　piping．1argc　voids　havc　bccn　fbrmed　within　the
cmbankments．　We　can　see　holes　on　the　surface　of　ground　bchind　the　east　embankment　of
north　moat　at　the　west　causewav．　Wc　also　could　see　thcse　voids　bcneath　the　sandstone　blocks
of　wcst　embankments　along　the　moat　around　thc　wcst　causcway　of　the　Angkor　Wat，　where
thc　many　tourists　enjoy　to　stop　and　walk。　Sincc　cvcry　hcavy　rain　induces　the　flow　out　of　the
soils　of　cmbankments，　the　embankmcnt　is　suffering　impending　failure．　The　studies　of　voids
by　excavation　and　countermeasurcs　to　kecp　their　safety　against　failure　are　considered　urgcnt
matter　not　onl｝’　to　protect　structurc　itself　but　also　the　tourists　for　Angkor．
The　east　side　embankment　along　the　south　moat　near　the　west　causeway　was　fbund　failcd
after　the　heavy　rain　during　Septembcr　1997．　The　author　had　visited　the　sitc　a　wcck　after　the
failure　taken　place．　Thcrc　was　ncither　trace　of　piping　nor　hole　on　the　ground　su　rfacc　bchind
the　embankment．　The　failurc　was　caused　not　by　piping　but　probably　by　incrcasc　of　water
level　in　the　embankment．　Thc　shortage　of　surface　drainage　behind　the　embankmcnt　during
heavv　rain　induced　to　infiltrate　the　water　into　the　embankmcnt　havc　rcsultcd　in　the　failure．
The　drainage　pipes　that　leads　surface　water　to　the　moat　should　be　designcd　to　have　the
capacity　of　drainage　against　the　heavy　rain　of　60mm／hour　and　l　80mm／24hours．
Laterite　blocks：
　　　　　Laterite　block　was　alreadvidentified　as　wcak　matcrial　in　thc　report　at　Tokyo　Conference．
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Laterite　is　a　hctcrogcncous　gco－matcrial　that　contains　ion　and　aluminum　oxidc　and　shows　vcry　strong
character　ifthcsc　chcmicals　bccomc　bondagc　among　particlcs　of　laterite．
Duc　to　the　heterogencit｝・．　mcchanical　charactcristics　of　laterite　vary　from　vcry　strong　to　rathcr　fragilc
or　from　endurable　to　weak　against　wcathcring．　Sincc　the　water　in　Angkor　arca　is　pH＝5、　thc　acidic
condition　with　water　movemcnt　around　Latcritc　blocks　make　leaching　cation　from　thc　latcritc．　which
accclcratcs　weathering　of　the　blocks．
　　　　　As　found　in　Prasat　Suor　Prat、　thc　latcritc　blocks　havc　bccn　wcathcrcd．　weakencd、　and　brokcn
into　scvcral　picccs　aftcr　several　hundrcd　｝’cars　from　construction．
It　was　thus　confirmcd　that　the　major　structural　damagcs　havc　bccn　rcsultcd　from　decay　of　latcritc
blocks．　Sincc　thcsc　latcrite　blocks　havc　bccn　uscd　as　thc　structural　clcmcnts　of　foundations．　thc
weathering　or　dccay　of　thc　latcritc　blocks　dircctly　causcs　foundation　displaccmcnts　and　results　in
failurc　of　thc　upPer　masonr）v’　structurcs．
Effects　of　the　expansion／contraction　of　the　subsoil
　　　　　Scttlemcnt　gagcs　were　installcd　at　three　depths　at　N　l　Towcr．　Prasat　Suor　Prat　and　monitored
from　l　997　to　1998　as　dcscribcd　in　Chaptcr　9．　It　was　observed　shrinkagc　of　thc　ground　took　place　in
dry　season　and　cxpansion　in　rainy　scason．　Thc　shrinkage　corrcsponds　to　drying　Proccss　and　the
cxpansion　corresponds　swclling　of　the　soils．
Two　mcchanical　reasons　of　expansion　and　contraction　are　considered．　One　is　effcctivc　strcss　changc
causcd　by　seasonal　change　of　watcr　lcvc1，　Anothcr　is　changc　of　suction　pressurc　in　soil．　It　was
confirmcd　that　the　expansion　and　contraction　of　thc　ground　are　in　cyclic　nature．　The　estimatcd
cxpansion／contraction　based　upon　measurcd　rclations　with　water　level　and　suction　prcssurc　wcrc
8．5mm　and　16．7mm　for　draw　do、sn　of　svatcr　level　of　5m　and　1　Om　rcspectivel》・．
The　long　term　effects　is　not　clarified　yet　and　should　bc　kcpt　on　monitoring　in　thc　fUture．
10．3Newly　identified　cause　of　failure
Strong　wind
As　shown　in　Chaptcr　l　O．　strong　wind　is　fbund　as　another　causc　to　dcstroy　thc　masonry　towcr　structure
in　Angkor．
Therefore．　thc　sixth　causc　should　be　added　as
6．Effects　of　strong　wind　that　causc　displacemcnts　of　stones　and　accclcratc　fallout　of　stoncs　from
Central　Towcrs　．
VVater　environment
　　　　　Underground　water　is　fbund　lowcr　and　lowcr　rcccntly　in　Sicm　Reap　cit＞r．　Thc　trcnds　may　bc
accelcrated　by　increase　of　usage　of　watcr　by　Hotcls　through　tourism、　The　lowering　of　undcrgro皿d
watcr　tablc　is　anticipated　to　causc　scttlcmcnts／uncvcn　scttlcmcnts　of　thc　masonry　structures　in　Angkor．
10．5Suggested　research　topics　in　geotechnical　engineering
Thc　rcmaining　problems　on　preservation　of　Angkor　monumcnts　in　gcotcchnical　cngineering　are　as
follONvs、
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Characteristics　of　compacted　fill　including　slacked　limc　mixcd　soil
Slacked　lime　mixed　soil
Decay　of　laterite　blocks　and　protective　mcasures　against　decay
Initiation　of　cracks　of　sandstoncs　and　falloff　process　at　Central　Tower　of　Bayon
Threshold　limit　of　allowablc　scttlcmcnt　to　safeguard　the　masonry　structures　in　Angkor
Chamcteristics　of　compacted　ml
　　　　　　Lateritic　soil　is　uscd　as　f川ing　material　in　old　Khmer。　Khmer　engincer　madc　a　vcry　stccp　angle
of　pyramid　of　soiL　Thc　cmbankment　of　about　40　degrees、、・ith　a　height　of　25m　of　Baphitθn　temple　is　a
very　uniquc　cxamplc，　As　Frcnch　people　experienced．　they　failed　to　makc　thc　samc　slopc　monument．
In　making　vcry　stccp　slopc、　wc　ma｝’　have　some　choiccs．
　　　　　We　may　stick　to　the　original　methodology　of　old　Khmcr．　In　this　casc．　we　must　study　the　old
mcthod　in　thc　lost　world．　Old　Khmer　engineer　might　havc　addcd　somc　materials．　which　was．　howcver、
disappearcd　at　prcscnt．　Or、　we　may　use　concrctc　rctaining　wall　as　Frcnch　adapted　to　reconstnlct
Baρhuon　templc．　We　may　introduce　modcrn　tcchnology　of　geotextile　to　reinfbrce　soils．　We　may　add
slacked　lime　with　fill　soils．
　　　　　Characteristics　of　compacted　fill　should　bc　studicd　to　understand　stability　of　high　angel　slopc　of
Baρhiton．　Test　embankmcnt　with　instmmcntation　to　mon“or　the　perfbrmance　is　the　bcst　solution　to
㎞ow　thc　problcms．　Laborat明・tests　arc　ncccssar・　to　undcrstand　thc　bchavior　of　thc　cmbankmcnt．
Slacked　lime　m輌xed　soil
　　　　　When　we　made　rcconstruction　of　a　foundation　embankmcnt　of　LibrarlF’、　wc　found　the　compactcd
soil　docs　not　givc　enough　strcngth　to　support　the　upper　Structure．　Wc　uscd　slackcd　limc　mixed　soil　to
reconstruct　the　foundation　of　North　Library　of　Bayon　Templc，　Thc　slackcd　limc　showcd　high　aging
effects、　which　took　slow　chcmical　proccss　of　carbonation．　Bccausc　the　final　product　by　carbonation　of
slackcd　limc　is　limcstonc　that　is　considered　ve巧y　stable　material　in　gcneral　environmcntal．
Thc　general　mechanism　of　chcmical　process　is　undcrstood　as　carbonation．　The　chcmical　reaction　is
rather　vcry　slo、N・．　Aftcr　180days．　the　tendcncy　of　incrcasing　strcngth　is　fbund　continucd．　Since　it　is
anticipatcd　thc　tension　strain　at　failure　may　bccome　smaller　as　the　strcngth　is　increased．　The　massivc
embankment　ma｝’　need　to　be　reinforced　at　some　local　arca　whcrc　tensile　deformation　ma＞’　prevail．
Arcsearch　study　on　accelerating　chemical　rcaction　of　carbonation　may　be　needed　for　easy　application
of　slacked　limc　mixed　soil　in　the　restoration　work　in　Angkor．
Laterite　blockS
　　　　　Since　it　is　incvitable　that　the　latcritc　block　shall　be　weathered　in　longtimc　range．　we　may　havc
three　alternatives。　Onc　is　to　use　the　laterite　blocks　as　has　been　in　the　past．　In　this　case．　we　havc　to
renew　the　blocks　if　wcathering　advanccd．　Another　choice　is　to　replace　somc　othcr　matcrial　as　a　corc
material　decorated　with　latcritc　on　the　surface．　Third　alternative　is　to　cover　some　mcasurcs　on　the
surface　of　thc　new　laterite　blocks　to　be　used，　which　will　protcct　or　at　lcast　delay　thc　wcathcring
P「㏄ess・
Study　of　the　decay　or　wcathcring　Process　of　laterite　is　needed　in　thc　fUture．
Initiation　of　cracks　of　sandstones　and　falloff　process　at　Central　Tower　of　Bayon
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　　　　　　Thc　author　has　proposcd　thc　cracks　of　sandstones　and　vertical　opcning　abovc　thc　stoncs　arc
found　and　proccss　of　falloff　of　pillar　clcments．　It　could　bc　confirmcd　that　thc　bchavior　of　crack
opening／closing　causcd　by　tcmpcraturc　and　wind，
Threshold　limit　of　allowable　settlement　to　safeguard　the　masonry　structures　in　Angkor
　　　　　Thc　cffect　of　contraction／cxpansion　of　soils　upon　settlcment　of　ground　was　shown　through
mcasured　data．　How　much　settlcment／heaving　causes　any　damagc　of　masonry　structures　in　Angkor　is
to　be　studicd．
10．6Monitoring　of　monument　behavior
Thc　traditional　monitoring　to　obscrvc　settlemcnt　or　displacemcnt　of　the　monuments　has　been　to
mcasurc　a　few　times　pcr　ycar　and　to　obtain　long　year　trcnd　of　thc　movcment．　Howcvcr、　it　bccomcs
rather　easy　to　perform　prccise　measurcment　with　high　frcquency　intcrvals　at　any　placc．　Since　no
commcrcial　elcctricity　was　available　in　thc　monumcnt　sitc　in　Angkor．　wc　have　installcd　spccial　t｝pe　of
data　logging　s｝’stcm　that　can　make　evcr＞’　one　hour　mcasuremcnt　and　storc　the　measurcd　data　as　Iong　as
one　ycar．　Or　wc　havc　installcd　solar　battcry’to　supPly　elcctricity　to　chargc　the　battcry　that　runs　data
lO99ing　SyStem．
It　was　fbund　that　pcculiar　crccp　movemcnt　of　inclination　of　Nvalls　at　Prasat　Suor　Prat、vas　recorded
after　a　hcavy　rainfall　in　l　997，　Gap　opening　betwccn　stones　arc　shown　basically　duc　to　shrinkagc　or
clongation　of　stoncs　by　monitorcd　data　of　tcmperaturc、　strain　of　stone　surfacc、　and　gap　opening．　Very
strong　winds　werc　rcalizcd　to　causc　suddcn　displaccmcnt　of　gap　opcning　betwecn　stonc　blocks．　Thcse
rccords　wcrc　ncver　rcalizable　if“’c　had　follosved　the　conventional　method　of　monitoring．
It　is　essential　to　arrangc　monitoring　systcm　that　cnablcs　to　perfbrm　continuous．　prccise，　and　a
long－term　data　logging　systcm　to　catch　an｝’　possible　changc　that　oftcn　comes　all　of　suddcn．
10．7　“Anasto’osis”and　consoiidation　measures　from　the　view　points　of　geotechnical
englnee「lng
　　　　　”A〃as’01θsバis　introduccd　in　Chapter　4　and　has　been　approvcd　as　an　intcmational　standard　of
conscrvation　of　world　heritage．　There　are　many　unsolvcd　problems　of　gcotechnical　enginccring　in
Angkor．　if、ve　havc　to　fbllow　thc⑳ンlnas’θ10sis．『今
　　　　　As　shown　in　Chapter　2．3．2．　thc　soil　cmbankmcnt　in　Angkor　was　vcry　stecp　with　slopc　anglc　of
about　40dcgrces．　Frcnch　group　tried　to　makc　the　original　embankment　with　compactcd　sand，　but　failed
twice．　French　had　to　have　modificd　thc　constnlction　design　introducing　concrete　retaining　insidc　the
embankmcnt．　A　sandwich　structurc　of　altcmation　of　sand　and　clav　mav　be　much　morc　stable　than　the
unifbrm　soil　structurc．
　　　　　It　is　not　known　how　thc　ancicnt　Khmcr　cnginccr　made　such　steep　filL　This　is　a　good　technical
question　comparablc　to　how　the　Eg＞ptian　made　the　Pyramid　with　stones．
JSA　also　had　the　samc　kind　of　problcm　whcn　they　rcpair　North　Library　of　Bayon　in　Angkor　Thom．
Thcy　did　not　use　concrctc　but　introduced　ncw　filling　material　of”stacked〃me　mixed　so〃‘’as
fbundation　cmbankmcnt．　Concrctc　dccavs　undcr　acidic　environment．　which　is　known　as　neutralization
proccss　of　chcmical　wcathcring　by　carbonation．
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　　　　　Stacked　hmc　mixcd　soil　is　a　new　approach　in　consolidating　Angkor　monumcnt．　Thc　mechanical
charactcristics　of’二stacked　1〃ηe　mixed　soi1錫q　devclops　with　timc．　which　dcpends　upon　how　much
carbon　dioxidc　could　be　available　f「om　air　to　makc　a　bridgc　of　limc　bctwccn　soil　particles．　Wc　may
havc　to　wait　to　know　the　rcsults　of　this　ncw　matcrial　in　Angkor．
　　　　　Laterite　is　an　important　material　of　construction　in　Angkor　monuments　and　is　fbund　m司or
⑰ctor　of　structural　failurc　ofthe　monuments．　Howcver、　littlc　is　known　how　to　prcvcnt　decay　of　laterite．
If　wc　have　to　usc　laterite　blocks　as　in　thc　Khmcr　enginccr　havc　had　donc．　thc　structures　likc　Prasat
Suor　Prat　or　Library　is　rather　easy　to　rcpair．　bccausc　of　its　independcncc．　Othcr　complicatc　structurcs
likc　Bayon　or　Angkor　Wat．　it　may　bc　practically　impossiblc　to　rcpair　or　to　rcplacc　ncw　latcritc　blocks
that　wcrc　uscd　as　fbundation　or　structural　clcmcnts．　We　havc　to　makc　studv　othcr　altcmativc　mcthods
to　support　thc　upper　structurcs　b｝・othcr　mcans　fbr　thc　timc　bcing　bcfbre　thc　complctc　failurc　takcs
placc．
10．8Conclusions
　　　　　In　this　chaptcr．　scveral　suggestions　arc　madc　from　vicwpoints　of　gcotcchnical　engineering．　Two
causcs　had　becn　identified　in　thc　report　of　Tokyo　confcrcncc　in　1993　that　rcsults　in　structural　failurc．
Thcsc　are　stnlctural　desim　of　high　mason　・uon　com　actcd　soil・round　and　cffects　of　the
一．Thc　fUndamcntal　mechanical　charactcristics　havc　been　studicd　in
this　papcr　and　strong　wind　and　watcr　cnvironmcnts　arc　suggcsted　as　additional　factors　to　control　thc
failurc．
Nccds　of　fUrthcr　studics　arc　also　mcntioned　on　charactcristics　of　compacted　filL　slackcd　limc　mixcd
soiL　latcritc　blocks．　Intcnsive　monitoring　systcm　is　recommcnded　to　obtain　daily　changc　of　rcsponsc
of　structures　rather　than　scasonal　or　annual　changcs　to　undcrstand　thc　process　of　failurc　through　thc
mcasured　real　data．　Application　ofthc　method　of　Anastolosis　was　failcd　in　restoration　work　of　soil　and
latcrite　structures　in　Angkor．　It　is　recommcndcd　to　makc　fUrthcr　study　of　high　stccp　mound　of
compactcd　fill　and　thc　dcca｝・　of　latcrite　blocks　in　tcrms　of　Anastolosis．
Lcaning　Tower　of　Prasat
Suor　Prat
Awaiting　fbr　Help
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11Conclusions
In　this　chapter．　thc　author　wants　to　summarizc　thc　conclusions　of　each　chapter　from　chaptcr　2　to
chapter　l　O．
11．1Review　of　historical　review　of　safeguarding　Angkor
　　　　　Aftcr　Frcnch　bcgan　their　cffbrts　of　clcarancc　and　cmcrgcncy　consolidation　in　early　l　900『．　thcy
introduccd”Anastolosis門fヤom　Dutch＾s　work、θθ〃，方’tdor　in　Indoncsia　in　l　930’．　In　l　960、　Frcnch
opcncd　Angkor　Conscrvation　Officc　and　continucd　thc　eff（）rts　of　safcguarding　the　monumcnts　until
thc　invasion　of　Pol　Pot　into　Angkor　area　in　l　970．　Thcrc、、as　a　brcak　of　thc　safbguarding　activity　fヤom
l970　to　l　993、　whcn　thc　UNESCO　took　the　initiativc　to　coordinatc　thc　intcmational　activitics　fbr
safeguarding　Angkor　and　had　an　international　confercnce　in　1993　in　Tokyo．　Sincc　thcm．　several
organizations丘om　different　countrics　including　JSA　have　been　working　on　safbguarding　Angkor．
11．2Review　of　conservation　method　for　Angkor　monuments　in　the　past
’ンlnastolosis”is　thc　way　to　bc　fbllowcd　during　conservation　of　cultural　heritagc．　Anastolosis　insists　to
use”盾窒奄№奄獅≠戟@materiar今by”original　mcthod∴ifothcnvisc　thc　heritage　fails．
If　wc　fbllow’㌧Anastolosバin　handling　soils　and　ground、　we　shall　have　some　di缶cultics．　The　high
cmbankmcnt　of　about　40m　with　stccp　anglc　of　slopc　of　40　degrees　at　Baphuon　tcmplc　is　a　good
cxample　how　the　ancient　Khmer　enginecr　kncw　somc　mcthod　which　rcsulted　in　succcss　of　Baphuon．
which　our　modcm　geotechnical　enginccr　do　not　undcrstand．　or　could　not　even　estimate、　Wc　have　to
makc　c行brts　to　study　how　the　Khmer　pcoplc　had　handlcd　soils　and　fbundations　in　thc　proccss　of
constn」ction　of　Angkor．
11．3Meteorological　and　water　environmental　condition　in　Angkor　area
　　　　　Thc　Angkor　arca　is　covcred　within　Asian　monsoon　climatc　zonc．　The　average　annual　rainfal1　is
about　1400mm　with　distinct　difference　of　drst　and　rain、・seasons．　Rainv　scason　starts　from　Mav　and
ends　in　October　with　avcragcd　monthly　rain　of　200mm／month．　Dry　scason　starts廿om　Novcmbcr　and
ends　in　April　with　avcragcd　monthly　rain　of　50mm／month．
　　　　　Temperaturc　rangcs　from　16to　39°C　in　a　year．　It　reaches　at　thc　maximum　around　38－39°C　in
April　when　river　drics　and　plants　sccm　almost　dcad．　The　best　season　in　a　ycar　is　from　Deccmbcr　to
Fcbruary　when　the　tempcraturc　becomcs　mild　undcr　dry　season．
　　　　　Strong　wind　blows　with　hcavy　rain　and　it　is　onc　of　thc　main　cause　to　result　in　thc　failurc　of
masonry　structures　in　Angkor．
11．4Topological　and　geological　setting
　　　　　Thc　Angkor　locatcs　in　the　middle　height　of　about　25m　from　sca　lcvel　on　a　gcntle　slope　betwcen
Tonlc　Sap　in　thc　South　and　MtKulen　in　the　North．　MtKulcn．25km　north　of　Angkor　site，　is　believcd
to　havc　providcd　sandstonc　material　of　the　monuments。
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Fivc　dcep　borings　in　the　Angkor　area　have　shown　that　thc　basc　rock　exist　about　80m廿om　thc　ground
surfacc．　The　top　surface　of　about　40m　is　silty　sand　soils　of　brown　to　yellow　in　color．　Thc　standard
pcnetration　test　resulted　in　increasing　SPT　blo“’s　from　5　at　the　surface　to　30－40　in　the　decpcr　layers．
　　　　　The　top　surface　has　strong　effects　of　scasonal　change，　which　makes　SPTニ200f　very　hard
ground　in　dry　season　and　decrease　about　5　in　rainy　condition．　This　is　causcd　by　changc　of
underground　water　levcL　Thc　monitored　results　of　seasonal　changes　of　undcrground、、ater　levcl
showed　that　watcr　level　becomcs　vcry　high　to　ncarly　sur白ce　during　rainy　scason、　howcvcrコt　drops
do、m　to　4－5m　from　thc　su由ce．
　　　　　Undcrground　water　in　Angkor　area　is　pumped　up　and　uscd　by　pcople　in　thc　rcgion．　Morc　than
one　thousands　of　pumps　in　Sicm　Rcap　city　were　surveyed　and　it　tumcd　out　that　thc　dcpth　of　the　well
has　becomc　dccpencd　reccntly　fTom　I　Om　to　morc　than　30m　from　thc　surface．　which　mcans　water　levcl
is　lOwcring．
　　　　　Ifthis　trcnd　continues　the　water　in　the　ground　shall　bc　dricd　up　in　the　near　fUture　and　the　ground
scttlcment　shall　bc　accompanied．　The　settlemcnt　shall　cause　the　differential　settlement　of　the
monument　in　Angkor．　To　avoid　settlement　of　thc　ground．　it　is　ncccssary　to　control　pumping　water　in
thc　arca，
11．5Geotechnical　characteristics　of　Angkor　Region
Samples　from　boring　wcrc　tcstcd　and　thc　rcsults　are　as　follows、
1．　The　top　surface　soil　of　4（）m　in　thc　area　is　lateritic　soil　of　silty　finc　sand　and　ycllow　to　brown　in
color．
2．　The　main　components　of　mineral　are　quart　and　kaolinite．
3．　Natural　water　contcnts　rangcs　from　l　O　to　20％with　pH＝6　in　average．
4．　Top　su　rfacc　soil　of　5　m　has　strong　cffects　on　seasonal　changes　of　wcathcr．
Gcotechnical　conditions　in　iA　ngkor　region　is　reviewed　and　thc　follo“’ing　conclusions　are　obtained．
L　Top　surfacc　of　about　4（）m　in　thickness　is　found　latcritic　soil　as　a　common　ground　in　the　area　bascd
　　　upon　scvcral　geotechnical　boring　as　describcd　in　the　preccding　chaptcr・
2．Ground　consists　of　silty　sand　svith　alternation　of　sandy　rich　and　claye｝’　rich　portions．
3．SPT　valucs　increases　with　depth　from　Nニ5－lOat　thc　surface　to　Nニ50　at　40m　in　depth．　The　uppcr
　　　surface　ground　of　5－6m　becomes　weak　in　rainy　scason　and　hardens　in　dry　season．
4．Ground　water　changes　its　lcvcl　about　5－6m　betwccn　rainy　and　dry　season．
5．The　upper　sur食ce　ground　of　5－6m　may　not　bc　reliable　as　a　foundation　of　structurcs　due　to　thc
　　　effects　of　under　ground　fluctuation．
11．6Stability　of　Tower　of　Prasat　Suor　Prat
Stability　of　Prasat　Suor　Prat　was　discussed　based　upon　observation　of　present　structurc．　These　To“’ers
arc　independcnt　squircd　structure　of　10m　x　l　Om　in　svidth　and　about　15m　in　hcight．　Towcrs　near　South
and　North　Ponds　arc　fbund　inclined　into　ponds．　Thc　north　embankmcnt　of　South　Pond　has　been
displaced　at　thc　S　l　Tower　due　to　the　load　of　the　Towcr．　The　ground　bchind　the　embankment　where
displacc　into　pond　was　also　displaced　into　the　pond　being　cxpandcd．　The　cxpansion　of　the　ground
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induccd　widening　of　thc　fbundation　of　Towcr　near　thc　Ponds．
NlTower　is　fbund　at　thc　most　critical　state　against　collapsc　in　tcrms　of　thc　prcscnt　inclination　and　N　l
Towcr　was　discusscd　in　dctail．
　　　　　Thc　modc　of　dcfbrmation、、as　studicd　by　lcvcling　thc　stone　surface　and　measurcmcnts　of
dimcnsions　of　basic　lcngth　of　thc　structurc．　Based　upon　diffcrcntial　hcight　of　thc　foundation　along　thc
pcriphcral　of　thc　Tower．　w　fbund　the　foundation　of　Towcr　N　l　inclined　to　northwcstwards　with
O．4m／10m．
　　　　　Thcrc　arc　fbur　svalls、　cach　of　which　has　opcning　in　squircd　shape　of　about　2m　in　length．　The
horizontal　bcam　clement　of　sandstonc　at　thc　bottom　of　opening　is　found　collapscd．　Thc　collapsc　was
causcd　by　complcx　mcchanism　including　bcnding　and　shcar　failurc　causcd　by　ovcrstrcssing　of
foundation　latcritc　block　bcncath　thc　horizontal　bcam．
　　　　　Thc　bottom　lcngths　of　thc　opcnings　arc　longcr　than　thc　top　onc　with　about　l　Ocm．
Thc　fbundation　of　thc　structurc　is　made　of　masonry　latcrite　blocks．　Thc　horizontal　opcnings　betwcen
a（ljacent　blocks　arc　measured．　Thc　sum　of　opening　fbr　cach　wall　corrcsponds　svcll　to　thc　diffcrcnce　of
top　and　bottom　lcngth　of　opening　in　walls．　It　is　concludcd　that　thc　foundation　has　bccn　sprcading　out
horizontall＞’　that　makcs　svider　bottom　dimcnsion　than　uppcr　onc．
Afrcsh　crack　was　fbund　on　a　surfacc　of　a　lateritc　block　which　mav　indicatc　thc　continuation　of　the
horizontal　spreading．　Thc　prescnt　structurc　is　not　stablc　and　the　movcmcnt　of　sprcading　and
inclination　mav　bc　continucd　in　the　future．
　　　　　Thc　monitoring　of　behavior　of　Prasat　Sour　Prat　as　wcll　as　ground　movcment　and　suction
prcssurcs　were　perfbrmcd．　The　settlcmcnt　during　dry　scason　and　swelling　in　rainy　season　are
confirmcd　b＞’　seasonal　changcs　of　underground　water　and　suction　prcssure．　If　thc　lcvcl　of　underground
watcr　is　lowcrcd　by　l　Om、　thc　scttlement　is　anticipated　as　ncarly　20mm、　which　may　be　critical　to
maSOnrS’　StrUCtUreS．
　　　　　lt　gavc　a　suggestivc　rcsult　that、ve　did　havc　had　a　chancc　to　observe　thc　long－tcrm　crecping
phenomena　of　inclination　of　thc　Towcr　N　1、Prasat　Suor　Prat　after　thc　heav］，’　rain　in　Scptcmber　l　997．
11．7Stability　of　Main　Tower　at　Bayon　and　some　results　based　upon　monitored　stone　block
behavior
　　　　　Stabilit｝’　of　thc　Ccntral　Tosver　of　Bayon　is　quitc　diffcrcnt　from　what　is　considered　fbr　Pisa　tower
in　Italy　because　of　thc　aspect　ratio．　It　is　apparent　to　scc　thc　lack　of　thc　symmctry　of　thc　Towcr、　Thc
major　rcason　of　thc　non－symmetry　ofthc　Towcr　might　bc　fa川ng　out　of　the　outcr　surfacc　stoncs　onc　by
onc　In　p「og「csslvc　mannc「・
Bascd　upon　visual　obscrvation．　wc　fbund　thc　several　facts　that　might　bc　rclatcd　with　instability　of
maln　towcr．
1．Fall　off　of　stone　clemcnt　from　central　to“’er．
2．Diffcrcnt　height　of　thc　basc　lcvel　of　thc　towcr　foundation　on　the　upper　terracc
3．Damagc　of　Bridge　bct“’cen　ccntral　and　sub－－towers、
4．Vcrtical　opcning　of　thc　stonc　columns　of　ccntral　tower
5．Cracks　on　thc　stonc　su　rfacc　that　Mas・bc　tcnsion　failure　causcd　bv　horizontal　movcmcnt　and／or
　　　lean　out　of　the　stone　columns．
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6．Rooting　betwccn　thc　stones　has　caused　vcrtical　opening　of　stone　columns．　Small　size　sand　and
　　　gravel　tumbled　in　the　gap　between　the　stones　also　have　caused　to　widcn　thc　opening．
7．Heav｝・　chemical　wcathering　on　thc　surface　on　the　stone　wcrc　identified．
Thc　process　of　falling　off　the　outer　stone　is　estimated　as　folloNi，・s、
　　　　　1．Lean－out　of　the　masonA・　column　bv　somc　rcason
　　　　　2．Horizontal　displacement　of　thc　pillar　initiates　tension　failure　in　thc　bottom　stonc　bencath　the
　　　　　　　　pillar．
　　　　　3．　Progrcss　of　tension　cracks　finall｝’　causes　failure　of　thc　bottom　stone．
　　　　　4．Thc　bottom　fails．　which　mav　rcsults　in　whole　column　abovc　the　stonc制1－out　from　thc
　　　　　　　　Tow・cr，
Monitoring　of　opcn／closc　of　gap　betwecn　stonc　blocks　rcvcalcd　that　the　strong　wind　has　rcsultcd
in　non－reversal　typc　movcment．　which　may　cause　lean－out　horizontal　displacemcnt　of　the　mason1S・
colu㎜．
Based　upon　monitoring　of　gap　scnsors　and　inclinometers．　wc　observed　some　behavior　of　thc　to“’er
and　obtained　conclusions　as　follows、
1．　Gap　betwecn　stoncs　opens　at　night　and　closcs　in　da｝time．　due　to　thc　change　of　the　tempcrature．
2．Sudden　largc　gap　changes　have　been　observcd　whcn　the　strong　wind　blows　with　grcatcr　than
　　　5m／sec．　Thc　wind　action　may　induce　to　accelerate　the　vcrtical　opening　betwccn　thc　stone
　　　columns、
3．　Changc　of　inclination　of　ccntral　tower　was　obscrved　within　a　fe“’mm／m　in　thc　last　tcn　months．
　　　　Sincc　the　monitoring　has　intcrrupted　for　somc　duration．　the　observation　is　to　be　continued．
　　　　Furthcr　necessarv　works　arc　as　fbllows．
Geotechnical　condition　undcr　main　towcr　of　Bavon　is　to　be　studicd．
The　reason　for　the　differcnt　height　of　thc　foundation　levcl　of　thc　main　tower　at　uppcr　terrace　is　to
be　cxamined．
Since　the　fall－out　of　stoncs　from　thc　ccntral　tower　is　one　of　major　process　of　stnlctural　failure．
some　possible　countcrmeasures　should　be　considered　and　compared　thcoretically　and　through
experimentally．
Displacement　bctwccn　the　central　and　sub－tower　is　to　be　observed　to　evaluate　thc　stnlctural
stability　and　to　consider　countcrmcasurcs　to　consohdatc　bridge　beam　portion　of　the　tower．
The　weathering　process　of　the　stoncs　of　the　tower　and　cvaluation　of　the　decaying　is　ncccssary　to
prevent　or　postpone　the　weakening　the　stones．
11．8Restoration　work　of　North　Library　at　Bayon　Temple，　Angkor　Thom
In　the　restoration　work　of　thc　North　Library　at　Bayon、　geotechnical　cngineering　was　one　of　major
disciplincs　to　be　considercd．　Onc　of　the　problcms　was　how　to　kccp　authenticity　as　ancient　Khmer
culture．
Based　upon　the　slope　failure　experience、　French　team　had　to　introduce　a　hiddcn　rctaining　wall　of
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reinfbrccd　concrctc　insidc　thc　fill　at　Bapithon．　Thcy　cxtendcd　this　design　conccpt　to　rcstoration　work
to　Tcrracc　of　King　Lcpcr．
Thc　hcight　of　thc　platfbrm　madc　of　soil　North　Librar｝・is　about　sm、　which　is　thc　samc　height　where
French　tcam　expcrienced　failure　at　Bapnhon．　JSA　adoptcd　anothcr、、ay　of　increasing　soil
charactcristics　by　mixing　slackcd　limc．
Thc　dcvclopmcnt　of　strcngth　of　slacked　limc　mixcd　soil　is　slow　comparcd　with　ccmcnt　mixcd　onc．
Onc　of　thc　disadvantagcs　of　slackcd　limc　mixcd　soiいs　to　takc　longcr　pcriod　to　confirm　the　requircd
mcchanical　characteristics．
Thc　curing　cf　fcct　was　confirmed　by　tcsting　at　various　agcd　pcriod　of　corcs　that　were　samplcd　at　thc
initial　stagc　of　filing　Platfb
“’ith　care　in　thc　fUture　of　long　period　undcr　scvcrc　climatc　conditions．
11．9Laterite　as　a　construction　material　in　Angkor
　　　　　In　this　chapter．　the　author　explained　the　basic　charactcristics　of　latcrite、　which“taS　onc　of　thc
basic　construction　materials　in　thc　construction　Angkor　monumcnts．
　　　　　Thc　lateritc　is　a　product　of　chcmical　weathering　of　rock　under　tropical　conditions．　Chcmical
process　in　the　tropical　region　is　to　accumulation　of　highcr　contcnts　of　iron　oxidc　and　Aluminum　oxide
in　the　uppcr　surfacc　of　ground，　Iron　oxidc　and　Aluminum　oxidc　works　as　strong　bond　among　sands
and　gravcls．
　　　　　The　laterite　blocks　werc　uscd　as　structural　mcmbcr　covcrcd　b、・sandstonc　block　with　relicvcs　on
its　surfacc．　Howevcr、　Scveral　cxamples　of　structural　failure　rcsulted　by　wcathcring　of　latcritc　wcrc
sho、、m　in　the　chapter．
　　　　　Thc　inclination　of　structures　at　shorelinc　to、vards　watcr　was　causcd　b、・dccav　of　lateritc　blocks．
Thc　P－wavc　vclocity　was　mcasured　fbr　thrce　groups　of　lateritc　classified　by　masonry　cxpcrt．　Thc
vclocities　correspond　wcll　with　each　group　and　ma｝，　be　uscd　to　check　thc　lateritc　blocks　for　usc．
Thc　author　thinks　the　dccay　of　thc　latcrite　had　rcsulted　in　onc　of　thc　maior　causcs　of　structural　failurc
of　Angkor　monuments．
11．10Suggestions　on　safeguarding　Angkor　monuments
　　　　　In　this　chaptcr、　sevcral　suggestions　are　madc什om　vic、、points　of　gcotcc㎞ical　cnginecring．　Two
causcs　of　gcotcchnical　cnginccring　had　bccn　identified　in　thc　rcport　of　Tokyo　confcrcncc　in　1993　that
rcsults　in　stmctural制lure．　Thcse　are　stmctural　dcsign　of　high　masonry　upon　compactcd　soil　ground
and　effccts　of　thc　cxpansion／contraction　of　the　subsoiL　The　fUndamental　mcchanical　charactcristics
have　been　studied　in　this　papcr　and　strong　wind　and　watcr　environments　are　suggcstcd　as　additional
factors　to　control　thc　failure．
　　　　　Thc　impending　danger　of　thc　cmbankmcnt　of　thc　Angkor　Wat　was　referred．　Thc　piping　of　thc
cmbankmcnt　and　the　rcsulted　void　in　the　cmbankment　should　bc　studicd　and　rcpaired　immediately　to
avoid　the　collapsc　of　thc　cmbankmcnt　ncar　thc　“’cst　causcsvay　of　thc　Angkor　Wat．
　　　　　Nceds　of　fUrther　studics　arc　also　mcntioncd　on　thc　ancient　mcthod　of　compacting　fi1L　design
mcthod　of　slackcd　lime　mixcd　soiL　dccav　charactcristics　of　latcrite　blocks．
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lntensivc　monitoring　system　is　recommended　to　obtain　daily　change　of　rcsponse　of　stmctures　rather
than　scasonal　or　annual　changcs　to　undcrstand　thc　process　of　failure　through　the　measured　real　data．
Application　of　the　method　of　Anastolosis　was　failed　in　restoration、Nork　of　soil　and　latcrite　structures
in　Angkor．　It　is　rccommended　to　makc　fUrther　study　of　high　steep　mound　of　compacted　fill　and　the
deca、・of　lateritc　blocks　in　tcrms　of　Anastolosis．
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